Hongo chronized G1 cell cultures were obtained by ␣-factor treatment, and the cells were released into fresh medium Tokyo 113-0033 Japan at 37ЊC. To our surprise, the Cdc14-5GFP signal was delocalized in cdc15-2 cells in early anaphase like in the wild-type cells. The difference between the wild-type and cdc15 cells was that the Cdc14-5GFP returned to Summary the nucleolus before mitotic exit and cytokinesis in the cdc15-2 cells ( Figure 1A ). Similar results were observed Budding yeast Cdc14 phosphatase plays essential with tem1-3, dbf2-2, and nud1-44 mutants ( Figure S1A ), roles in mitotic exit. Cdc14 is sequestered in the nucleindicating that the Cdc14 release from the nucleolus olus by its inhibitor Net1/Cfi1 and is only released from was not an allele-specific phenomenon of cdc15-2 but the nucleolus during anaphase to inactivate mitotic was the common feature of the mutants of the MEN CDK. It is believed that the mitotic exit network (MEN) genes. We also performed the same experiments using is required for the release of Cdc14 from the nucleolus myc epitope-tagged Cdc14 (Cdc14-myc) to confirm the because liberation of Cdc14 by net1/cfi1 mutations Cdc14 release from the nucleolus in the cdc15-2 mutant bypasses the essential role of the MEN. But how the ( Figure S1B ). These observations indicate that TEM1, MEN residing at the spindle pole body (SPB) controls CDC15, DBF2, and NUD1 are not required for the Cdc14 the association of Cdc14 with Net1/Cfi1 in the nucleorelease from the nucleolus during anaphase but may be lus is not yet understood [1, 2]. We found that Cdc14-required for maintaining Cdc14 in a released state until 5GFP was released from the nucleolus in the MEN mitotic exit. The MEN-independent Cdc14 release from mutants (tem1, cdc15, dbf2, and nud1), but not in the the nucleolus was overlooked in the previous expericdc5 cells during early anaphase. The Cdc14 liberation ments in that Cdc14 of the MEN mutants was examined from the nucleolus was inhibited by the Mad2 checkafter a longer ‫3ف(‬ hr) incubation at the restrictive temperpoint and by the Bub2 checkpoint in a different manner ature [9, 10]. Among the MEN mutants, we found that when microtubule organization was disrupted. We obthe cdc5 (msd2-1) mutant showed a defect in Cdc14-served Cdc14-5GFP at the SPB in addition to the nucle-5GFP release from the nucleolus ( Figure 1A) from the nucleolus, we examined the Cdc14-5GFP localTo earn a clearer view of Cdc14 regulation, we examization in the synchronized wild-type, mad2, bub2, and ined Cdc14 localization in detail using a Cdc14-5GFP mad2 bub2 cell cultures in the presence of the microtuconstruct. CDC14-5GFP is fully functional as CDC14, bule-destabilizing drug nocodazole. judging from the facts that the CDC14-5GFP cells The cells were synchronized in G1 phase with mating (SAY801) grew at the wild-type rate at all the temperapheromone and were released into medium containing nocodazole at 25ЊC. In the wild-type cells, nuclear division was inhibited and the Cdc14-5GFP was kept inside the nucleolus throughout the experiment, indicating that The nucleolar localization of Cdc14-5GFP at 34.5ЊC was active spindle checkpoint prevented Cdc14-5GFP from comparable to that at 37ЊC. Although SPB localization liberation. Cdc14-5GFP was gradually released from the of Cdc14-5GFP was weakened after fixation and immunucleolus in the bub2 cells. In the mad2 cells, Cdc14-nostaining of tubulin, a GFP spot was observed at the 5GFP was released for a short period and then reacculeading edge of the anaphase spindle in wild-type cells mulated in the nucleolus ( Figure 1B) . We also found that when Cdc14 was released from the nucleolus. The GFP the pds1 mutant showed similar kinetics of Cdc14-5GFP spot was hardly detectable after Cdc14 accumulation release as that seen in the mad2 mutant. These observain the nucleolus at the end of the mitosis, indicating that tions suggest that the Cdc14 release from the nucleolus the amount of Cdc14-5GFP at the SPB fluctuates during is not only inhibited by the Bub2 control but also by the the cell cycle. The Cdc14-5GFP localization at SPB was Mad2 control in a different manner. This notion was observed in cdc15-2 (Figures 2C-2E ), tem1-3, and cdc5 further confirmed by the observation that there was no (data not shown) cells but was found in only about one delay in Cdc14 release and in the cell cycle progression third of the anaphase spindles. This observation sug-(judged by the appearance of rebudded cells) in the gests that MEN is required for the proper Cdc14 localizamad2 bub2 double mutant ( Figure 1B and [13-15]) . tion at the SPB, but it does not essentially mean that These findings indicate that Mad2 and Bub2 prevent the MEN functions to tether Cdc14 at the SPB during the Cdc14 from being released from the nucleolus in anaphase, because we also found that the SPB localizaa different manner, and both branches of the spindle tion of Cdc14-5GFP was lost in bub2 mutation and often checkpoint should be inactivated to exit from mitosis in mislocalized in the cytoplasm (Figures 2C-2E ). normal kinetics.
the nucleolus throughout the experiment, indicating that
The nucleolar localization of Cdc14-5GFP at 34.5ЊC was active spindle checkpoint prevented Cdc14-5GFP from comparable to that at 37ЊC. Although SPB localization liberation. Cdc14-5GFP was gradually released from the of Cdc14-5GFP was weakened after fixation and immunucleolus in the bub2 cells. In the mad2 cells, Cdc14-nostaining of tubulin, a GFP spot was observed at the 5GFP was released for a short period and then reacculeading edge of the anaphase spindle in wild-type cells mulated in the nucleolus ( Figure 1B ). We also found that when Cdc14 was released from the nucleolus. The GFP the pds1 mutant showed similar kinetics of Cdc14-5GFP spot was hardly detectable after Cdc14 accumulation release as that seen in the mad2 mutant. These observain the nucleolus at the end of the mitosis, indicating that tions suggest that the Cdc14 release from the nucleolus the amount of Cdc14-5GFP at the SPB fluctuates during is not only inhibited by the Bub2 control but also by the the cell cycle. The Cdc14-5GFP localization at SPB was Mad2 control in a different manner. This notion was observed in cdc15-2 ( Figures 2C-2E ), tem1-3, and cdc5 further confirmed by the observation that there was no (data not shown) cells but was found in only about one delay in Cdc14 release and in the cell cycle progression third of the anaphase spindles. This observation sug-(judged by the appearance of rebudded cells) in the gests that MEN is required for the proper Cdc14 localizamad2 bub2 double mutant ( Figure 1B and [13-15] ). tion at the SPB, but it does not essentially mean that These findings indicate that Mad2 and Bub2 prevent the MEN functions to tether Cdc14 at the SPB during the Cdc14 from being released from the nucleolus in anaphase, because we also found that the SPB localizaa different manner, and both branches of the spindle tion of Cdc14-5GFP was lost in bub2 mutation and often checkpoint should be inactivated to exit from mitosis in mislocalized in the cytoplasm ( Figures 2C-2E ). normal kinetics.
To study the SPB localization of Cdc14-5GFP in detail, Recently, it has shown that Cdc5 phosphorylates we used cells depleted of Net1 by replacing the genomic Bfa1, a partner of Bub2, and may inactivate the Bub2 in wild-type cells might be due to the increased pool of overrode spindle checkpoints. We also noticed that Cdc14-5GFP released from the nucleolus. If so, the faint CDC15 is dispensable for the Cdc14 release from the SPB localization of Cdc14 in MEN mutants may be due nucleolus when CDC5 was overexpressed (Figure 1Ciii) .
to the insufficient release of Cdc14 from the nucleolus Thus, Cdc5 executes its function to promote Cdc14 reduring anaphase, and MEN could be involved in full lease from the nucleolus downstream of the spindle release of Cdc14 from the nucleolus. checkpoint.
In tem1 net1-d cells, the SPB signal of Cdc14-5GFP was significantly brighter than in net1-d ( Figure 3B ). In the bub2 net1-d cells, in contrast, the Cdc14-5GFP sigCdc14-5GFP Is Localized at the SPB nal was rarely observed ( Figure 3B ). The failure of By exploiting Cdc14-5GFP, we observed in vivo Cdc14-Cdc14-5GFP's SPB localization in the bub2 mutant may 5GFP localization in detail. In addition to the nucleolus, not be due to the reduced accessibility but may be due a Cdc14-5GFP signal was often found as a spot around to Tem1-dependent rapid release of Cdc14-GFP from the nucleus (Figure 2A ). We found that these spots corre-SPB because Cdc14-5GFP accumulated at the SPB in spond to the SPB by colocalization with SPB component the tem1 bub2 net1-d cells and in the cdc15 net1-d cells Spc72 ( Figure 2C ). The SPB localization of Cdc14-5GFP (data not shown). Thus, we suggest that the active Tem1 was faint or undetectable during interphase, but it was pathway promotes Cdc14 release from the SPB when prominent during anaphase when nucleolar Cdc14-nucleolar Cdc14 is constitutively released. 5GFP was released. Cdc14-5GFP was preferentially found on only one SPB that migrates into the bud and on both SPBs in late telophase cells when Cdc14-5GFP Dual Regulation of Cdc14 began to concentrate in the nucleolus ( Figures 2B-2D, In conclusion, Cdc14 is localized to two different comnot clear in 2A).
partments, the nucleolus and the SPB. Cdc14 localization in each compartment is regulated by two different pathways: one is the Cdc5/Mad2 pathway controlling MEN Regulates Cdc14 Localization at the SPB Cdc14 release from the nucleolus in early anaphase, The finding that TEM1, DBF2, CDC15, and NUD1 were and the other is the Tem1/Bub2 pathway controlling nonessential for triggering Cdc14 raised the possibility Cdc14 at later steps. Recently, Stegmeier and coworkthat these factors exert some functions after Cdc14 has ers reported the similar observation that a MEN-indebeen released from the nucleolus. To test this possibility, pendent mechanism triggers Cdc14 release from the we examined the SPB localization of Cdc14-5GFP in nucleolus [18] . They showed that the early Cdc14 release MEN mutants at 34.5ЊC because the SPB signal of Cdc14-5GFP was weakened at a higher temperature.
from the nucleolus activates MEN by dephosphorylation ade2-1 trp1-1 leu2-3, 112 his3-11, 15 ura3-1 ssd1-d) is (i) 87.3%, (ii) 53.1%, and (iii) 62.1% (n Ͼ 200) . 
